
ORIGINAL ARTICLE

Novel insights into the mixed germ cell-sex cord stromal
tumor of the testis: detection of chromosomal aneuploidy
and further morphological evidence supporting the neoplastic
nature of the germ cell component
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Abstract
The existence of a true mixed germ cell-sex cord stromal tumor (MGSCT) of the testis remains controversial. Based on our
experience with rare testicular tumors in this spectrum, we sought to perform a detailed clinicopathologic and molecular study of
MGCSCT. Eight cases of testicularMGSCTwere morphologically reviewed, screened for chromosomal aberrations (using array
comparative genomic hybridization (aCGH) and low pass genomic sequencing), and analyzed by next generation sequencing
(The Illumina TruSight Tumor 170). Immunohistochemistry for OCT3/4, Nanog, SALL4, DMRT1, and inhibin was performed
on the cohort. Clinical data and follow-up were assessed by medical record review. All patients were karyotypically normal men
aged 27–74 years (median 41). All tumors had a similar biphasic morphology characterized by various proportions of the sex
cord component resembling granulosa cell tumor of adult type and the germ cell component cytomorphologically akin to
spermatocytic tumor. Germ cells were haphazardly scattered throughout the tumor or arranged in larger groups, without tubular
formation. In 4 cases, atypical mitoses were found within the germ cells. Additionally, in 2 cases there was invasion into the
spermatic cord, adjacent hilar soft tissue and into the tumor capsule, which contained both tumor components.
Immunohistochemically, focal nuclear expression of DMRT1 was found in the germ cell component in 7/7 analyzable tumors,
while SALL4 was positive in 6 cases and negative in one case. All tumors were negative with OCT3/4 and Nanog. The sex cord
stromal component had immunoreactivity for inhibin in 7/7 analyzable cases. Four of 8 cases were cytogenetically analyzable: 4/
8 by low pass genomic sequencing and 2/8 by aCGH. The results of both methods correlated well, revealing mostly multiple
chromosomal losses and gains. One case revealed loss of chromosome 21; 1 case had loss of chromosomes 21 and 22 and partial
gain of 22; 1 case had loss of chromosomes 22 and Y, partial loss of X, and gain of chromosomes 20, 5, 8, 9, 12, and 13; and the
remaining one gain of chromosomes 20, 3, 6, 8, 2x(9), 11, 2x(12), 13, 14, 18, and 19. Three cases were analyzable by NGS;
clinically significant activating mutations of either FGFR3 orHRASwere not detected in any case. Follow-up was available for 4
patients (12, 24, 84, and 288 months) and was uneventful in all 4 cases. The identification of extratesticular invasion of both the
germ cell and sex cord stromal components, the DMRT1 expression, and the presence of atypical mitoses in germ cells argue for
the neoplastic nature of the germ cell component. The molecular genetic study revealing multiple chromosomal losses and gains
in a subset of the cases provides the first evidence that molecular abnormalities occur in testicular MGSCT. Multiple chromo-
somal aneuploidies, namely, recurrent losses of chromosomes 21 and 22 and gains of 8, 9, 12, 13, and 20, indicate that the germ
cell component might be related to the morphologically similar spermatocytic tumor, which is characterized by extensive
aneuploidies including recurrent gains of chromosomes 9 and 20 and loss of chromosome 7. In summary, our data support that
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rare examples of true MGSCT of the testis do exist and they represent a distinct tumor entity with admixed adult-type granulosa
cell tumor and spermatocytic tumor components.

Keywords Mixed germ cell-sex cord stromal tumor . Testis . Invasion . Atypical mitoses . Multiple chromosomal losses and
gains .NGS

Introduction

While ovarianMGSCTwithout features of gonadoblastoma is
generally accepted as an extraordinarily rare entity, the exis-
tence of a true testicular MGSCT is more controversial.
Morphologically, they differ in the appearance of both the
germ cell and sex cord component. The germ cell component
in testicular MGSCT is characterized by abundant cells with
clear cytoplasm and rounded variably sized nuclei, intimately
admixed with the sex cord stromal component resembling
adult-type granulosa cell tumor [1]. The germ cells in ovarian
tumors resemble those of dysgerminoma/seminoma having
typical “squared off” nuclei and brisk mitotic activity. The
sex cord component in ovarian tumors is more variable, as
adult-type granulosa cell tumor and Sertoli cell tumor-like
c o m p o n e n t s a r e w e l l d e s c r i b e d [ 1 – 6 ] .
Immunohistochemically, the sex cord component in both tes-
ticular and ovarian tumors show immunoreactivity with con-
ventional sex cord markers. However, the immunophenotype
of the germ cell component is different. In the ovary, the germ
cell component has a dysgerminoma/seminoma pattern and is
positive with OCT3/4, PLAP, c-kit (CD117), and PAS, while
these markers are reportedly negative in testicular MGSCT
[1]. The same discrepancy has been found in molecular genet-
ic features. While the amplification of chromosome 12 has
been observed in ovarian MGSCT, no such aberration was
detected in testicular MGSCT. In the only molecular genetic
study of testicular MGSCT to date, the PDGFRA and c-kit
mutational status was also investigated, both with a negative
result [1].

These reported differences between testicular and ovarian
MGSCT, together with the overall bland cytologic appearance
of the germ cell component and lack of characteristic
immunophenotype and molecular abnormalities in testicular
MGSCT, have led some authorities to conclude that true
MGSCT does not exist and that all reported examples likely
represent sex cord stromal tumors with entrapped non-
neoplastic germ cells [7]. However, it is a widely accepted
theory that genetic and epigenetic factors may induce clinico-
pathological differences between similar tumors of both ovar-
ian and testicular origin [8, 9]. Based on our experience with
such tumors, we sought to study a series of what we have
regarded to be true testicular MGSCTs to determine their full
histologic spectrum, immunophenotype, chromosomal aneu-
ploidy status, FGFR3 and HRAS mutational status, clinical
outcome, and relationship to spermatocytic tumor.

Materials and methods

Cases cross-matching the keywords “testis,” “mixed germ
cell-sex cord stromal tumor,” and “Talerman’s tumor” were
retrieved from the files of the authors. The search yielded
altogether 8 specimens which were included in the study.
The clinical information was extracted from the electronic
medical records, and follow-up data were obtained from at-
tending clinicians. The cases were collected over the period
1994–2019. Cases 1, 2, and 8 have been reported previously
[1, 10]. Paraffin tissue blocks were available for 6 cases, un-
stained reserve slides for the remaining 2. When possible, the
same tissue block from each case was used for the immuno-
histochemical and molecular genetic analysis.

Immunohistochemistry

The IHC analysis was performed using a Ventana BenchMark
ULTRA (Ventana Medical System, Inc., Tucson, Arizona).
The following primary antibodies were used: OCT3/4
(N1NK, RTU, Novocastra, Newcastle, UK), Nanog (poly-
clonal, 1:100, Abcam, Cambridge, UK), SALL4 (6E3,
1:800, Sigma-Aldrich, St. Luis, Missouri, USA), DMRT1
(polyclonal, 1:200, Sigma-Aldrich), and inhibin (R1, RTU,
Ventana Medical System, Inc.). The primary antibodies were
visualized employing the enzymes alkaline phosphatase or
peroxidase as detecting systems (both purchased from
Ventana Medical System, Inc.).

Molecular genetic studies

DNA extraction

Tumor areas of the formalin-fixed paraffin-embedded (FFPE)
samples were determined using H&E stained slides and mac-
ro-dissected. DNA from FFPE tumor tissue was extracted
using QIAsymphony DNA Mini Kit (Qiagen, Hilden,
Ge rmany ) on an au toma t ed ex t r a c t i on sy s t em
(QIAsymphony SP; Qiagen) according tomanufacturer’s sup-
plementary protocol for FFPE samples. Concentration and
purity of isolated DNA were measured using NanoDrop
ND-1000, and DNA integrity was examined by amplification
of control genes in a multiplex polymerase chain reaction
(PCR).
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Array comparative genomic hybridization (aCGH) and low
pass genomic sequencing

SurePlex DNA amplification system (Illumina, San Diego,
CA) was used to generate DNA template from tumor samples.
Amplification is highly representative, which makes the
resulting product suitable for copy number variation (CNV)
detection. The library of all samples was prepared using
Nextera DNA Sample Prep Kit (Illumina) and sequenced on
MiSeq sequencer. CNV analysis was performed using
BlueFuse Multi software with the low pass genomic sequenc-
ing plugin (Illumina). Following quality control, filters for
valid samples were set: minimum 1 million reads per sample,
average quality score and average alignment score > 30, and
overall noise < 0.3. Thresholds for CNV calling were set
based on a group of samples with known CNVs that were
validated using array comparative genomic hybridization
(aCGH) and fluorescence in situ hybridization (FISH). The
percentage of tumor in the DNA sample was considered when
calling the lower frequency CNVs. Thresholds for CNVswere
set individually for each case; typically the copy number was
1.5 for loss and 2.5 for gain. CNVs spanning less than the
whole length of a chromosome arm were not called. FISH,
as described previously [11], was used for confirmation of the
results. Given the low quality of FFPE material, it was possi-
ble to confirm only some of the aberrations in three cases.
Loss of chromosome 21 was confirmed in case 3; losses of
chromosomes 21 and 22 were confirmed in case 4; and gain of
chromosomes 9, 12, and 20 and loss of chromosome 22 were
confirmed in case 5. Aberrations on gonosomes were exclud-
ed from the results. CNV detection using low pass whole
genome sequencing was proven to produce similar results as
in fresh frozen tissue [12].

Illumina TruSight Tumor 170 assay

The commercially available TruSight Tumor 170 assay from
Illumina was performed according to the manufacturer’s in-
structions, and the library was sequenced on an Illumina plat-
form as described previously [13].

Results

Clinical presentation

The clinicopathological features are listed in Table 1. All pa-
tients were normally developed men with descended testes
and karyotype 46XY. The age ranged from 27 to 74 years
(mean 49.2, median 41). The patients presented with unilateral
testicular mass affecting left testis in 3 cases and the right in 3
cases; in the remaining 2 cases, the side was unknown. The
contralateral testes were always unremarkable. All tumors

were treated by unilateral orchiectomy. Follow-up duration
of 1, 2, 7, and 24 years was available for 4 patients. One
patient died from an unrelated cause; the remaining 3 have
no signs of recurrence, metastatic spread, or an otherwise ag-
gressive clinical course caused by the tumor.

Pathological features

Grossly, the tumors were well circumscribed and of homoge-
nous soft structure. The tumor size ranged from 1.5 to 5 cm in
the largest dimension (mean 3.9, median 4.5).

Histologically, all investigated tumors were composed of
two components consisting of the sex cord stromal component
and germ cell component. The sex cord stromal component
was characterized by bland spindle cells with occasional nu-
clear grooves resembling adult-type granulosa cell tumor. The
germ cell component featured plump rounded cells with abun-
dant clear cell cytoplasm and rounded nuclei with slightly
variable size. In all studied cases, the germ cell component
showed low but unequivocal mitotic activity, which in 4 cases
included atypical mitotic figures (Fig. 1). These two compo-
nents were irregularly admixed together: in some parts of the
tumor, either the sex cord or the germ cell component predom-
inated; in others, there was an even admixture of the two
(Fig. 2a–c). In some areas, germ cells predominated over the
stromal cells (Fig. 2b). Of note, no areas of a tubular arrange-
ment of the germ cell component suggesting entrapped cells
within testicular tubules were apparent. The sex cord stromal
component was arranged in diffuse sheets, while the germ
cells grew in irregular clusters or as solitary cells. In two cases
(cases 3 and 4), there was an invasion into the spermatic cord
and adjacent hilar soft tissue (case 3, Fig. 3a) and into the
tumor capsule (case 4, Fig. 3c). In both cases, the invasive
structures contained both tumor components (Fig. 3b, d).

Immunohistochemistry

The immunohistochemical results are summarized in Table 2.
Focal nuclear expression of DMRT1 was found in the germ
cell component in 7/7 analyzed tumors. The sex cord stromal
component was diffusely positive with inhibin in 7/7 analyzed
cases (Fig. 4). Germ cell component was positive with SALL4
in 6 cases and negative in 1 case; in the remaining cases, the
staining was not performed. Seven of 7 tested tumors were
negative with OCT3/4, and 5/5 were negative with Nanog.

Chromosomal aneuploidy study

The results are summarized in Table 3. The results of low pass
genomic sequencing and aCGH correlated well. Four of 8
cases were analyzable by low pass genomic sequencing.
Case 3 revealed loss of chromosome 21 and case 4 losses of
chromosomes 21 and 22. In case 5, multiple chromosomal
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gains were detected, including chromosomes 5, 8, 9, 12, 13,
and 20 as well as losses of chromosomes 22 and Xq21.1, Y.
Gains of chromosomes 3, 6, 8, 2x(9), 11, 2x(12), 13, 14, 18,
19, and 20 were seen in case 6. Two of 8 cases were analyz-
able by aCGH. Case 4 revealed gain of 22q11.1–q11.22 and
losses of chromosomes 21 and 22q11.23–q13.33 and case 5
chromosomal gains of 8, 9, 12, 13, and 20 and loss of chro-
mosome 22.

Illumina TruSight Tumor 170 assay

Three cases were analyzable, and all were negative.

Discussion

In 2000, Ulbright et al. reported 9 testicular sex cord stromal
tumors that suggested the possibility of MGSCTs but differed
in that the germ cells were entrapped and non-neoplastic [7].
The authors reported that the cases in their series had differ-
ences compared with the testicular MGSCTs published previ-
ously [1, 10, 14–16] and they questioned the neoplastic nature
of the germ cell component in that report as well as the entire

concept of testicular MGSCT. To date, this entity has been
excluded from the WHO classification of testicular tumors
[17]. The arguments against the neoplastic nature of the germ
cell component were based on tubular arrangement, peripheral
location, bland cytologic appearance, and negativity with
germ cell markers in their series. While sex cord stromal tu-
mors with entrapped non-neoplastic germ cells certainly oc-
cur, as discussed previously [18], we maintain that rare exam-
ples of true testicular MGSCT do exist. Our belief in genuine
cases of MGSCT is based on several observations: (1) the
germ cells form no tubules but grow in small irregular groups
or singly; (2) both tumor components are intimately and irreg-
ularly admixed with no predilection of germ cells to the pe-
ripheral parts of the tumor; (3) the germ cells occasionally
contain tripolar, quadripolar, or bizarre mitoses; and (4) in
some tumor areas, the germ cell component dominates the
tumor [19]. We have considered the morphology,
immunoprofile, and molecular genetic findings of the germ
cell component similar to those of spermatocytic tumor [19].

The herein presented series provides further evidence for
the neoplastic nature of the germ cell component. The germ
cells in 4/8 cases featured occasional atypical mitotic figures,
which further supports our earlier observation [1, 19]. More

Table 1 Clinicopathological
features Case Age Localization Size (cm) Follow-up Neoplastic features in germ

cell component

1 35 Left testis 4 × 5 × 5 AW 24 yr Atypical mitoses

2 27 Right testis 4 × 3 NA Atypical mitoses

3 74 Left testis 1.5 × 1 × 1 Died from generalized CCRCC
1 year after surgery

Atypical mitoses +
invasion

4 65 Left testis NA AW 7 yr Atypical mitoses +
invasion

5 72 Right testis Ø4.5 NA None

6 NA NA NA NA None

7 41 Right testis 4.7 × 3.5 × 2 AW 2 yr, then lost for FU None

8 32 NA NA NA None

AW alive and well, yr year, years, CCRCC clear cell renal cell carcinoma, NA not available

Fig. 1 Scattered plump rounded
germ cells with abundant clear
cytoplasm and rounded nuclei of
slightly variable size growing on
the background of sex cord
stromal cells. Several atypical
mitoses were encountered within
the germ cells (arrow).H&E, × 40
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importantly, in case 3 there was an invasion into the spermatic
cord and hilar soft tissue and in case 4 into the tumor capsule.

In each case, the invasive structures contained both the germ
cell and sex cord stromal components, which we consider as a

Fig. 3 Case 3 (a, b): Invasion into the spermatic cord and hilar soft tissue
(A, the area of invasion encircled); H&E, × 2. Higher magnification of the
same image enables to discern presence of the both germ cell and sex cord
stromal component in an invasive focus (B, arrow points to germ cells);

H&E, × 40. Case 4 (c, d): Invasion into the tumor capsule (C, top left);
H&E, × 5. Germ cells intermingled with sex cord stromal cells in the
invasive area (D); H&E, × 20

Fig. 2 Both tumor components irregularly admixed together: in some
parts of the tumor, either the sex cord (a) or the germ cell (b)
component predominated; in others, there was an even admixture of the

two (c). The sex cord stromal component was arranged in diffuse sheets,
while the germ cells grew in irregular clusters or solitary units. No tubular
formations were observed. H&E, × 40
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strong supportive evidence for the neoplastic nature of the
germ cell component.

To date, the nature of the germ cell component in MGSCT
of the testis has not been sufficiently elucidated. Nevertheless,
one of the first detailed studies of MGSCT pointed to its re-
semblance to the spermatocytic tumor, analogically as the
ovarian MGSCT corresponds to dysgerminoma [1]. This hy-
pothesis was based on morphology (variably sized rounded
nucle i ) , immunohis tochemis t ry (negat iv i ty wi th
dysgerminoma/seminoma markers), and molecular features
(absence of chromosomal 12p abnormalities) of testicular
MGSCTs [1]. However, several differences have emerged.
As for morphology, spermatocytic tumor lacks a prominent
sex cord stromal component characterizing MGSCT and ex-
hibits greater variability of nuclear size than MGSCT [20].
Ultrastructurally, spermatocytic tumor contains more mature
transformed germ cells than testicular MGSCT [7, 21].
Recently, Roth et al. immunohistochemically compared the
protein expression of the transcription factors DMRT1 and
TCLF5 in the germ cell component of testicular MGSCT to
expression in spermatocytic tumor [20]. DMRT1 is reportedly
positive in spermatogonia and negative in all more differenti-
ated germ cells, whereas TCLF5 is immunoreactive in more
mature germ cells (such as primary and secondary spermato-
cytes and spermatids) [22]. In their study, they found a nuclear

positivity of DMRT1 and absent TCLF5 staining in both
MGSCT and spermatocytic tumor [20]. The first study
performing the whole-genome sequencing of spermatocytic
tumors showed multiple aneuploidies of whole chromosomes
[23], which was in concordance with previous studies pub-
lishing recurrent gains of chromosomes 9 and 20 as well as
loss of chromosome 7 and, to a lesser extent, of chromosomes
13, 15, and 22 [24, 25]. Besides, activating mutations of
FGFR3 and HRAS genes appear to occur in approximately
20% of spermatocytic tumors [23, 26].

The molecular genetic analysis performed in the current
study focused on detecting abnormalities occurring in
spermatocytic tumor: Chromosomal aneuploidy study and
NGS study detecting among others FGFR3 and HRAS gene
mutations were employed. The chromosomal study was inde-
pendently performed by both aCGH and low pass genomic
sequencing. Low pass genomic sequencing is a preimplanta-
tion screeningmethod originally designed for selecting euploid
embryos before in vitro fertilization. This method enables the
assessment of the numerical and structural chromosomal aber-
rations by exploiting the NGS technology. It sequences data
from thousands of loci across each chromosome enabling eval-
uation of multiple genomic loci and multiple samples on one
chip [27, 28]. Theoretically, only a single viable, well-
preserved cell should suffice for a successful analysis. We

Table 2 Immunohistochemical features

Case OCT3/
4

Nanog SALL4 DMRT 1 Inhibin

1 Negat Negat Negat Posit in some germ cells Posit in sex cord cells

2 Negat Block consumption Block consumption Block consumption Block consumption

3 Negat Negat Posit in germ cells Posit in some germ cells Posit in sex cord cells

4 Negat Negat Posit in germ cells Posit in some germ cells Posit in sex cord cells

5 Negat Negat Posit in germ cells Posit in some germ cells Posit in sex cord cells

6 NP NP Posit in germ cells Posit in some germ cells Posit in sex cord cells

7 NP NP Posit in germ cells Posit in some germ cells Posit in sex cord cells

8 Negat Negat Posit in germ cells Posit in some germ cells Posit in sex cord cells

NP not performed

Fig. 4 The sex cord stromal component reacted diffusely with inhibin (a). Focal nuclear expression of DMRT1 was found in the germ cell component
(b). Magnification of both images: × 20
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therefore hypothesized that the main advantage of this method
for the purposes of our study might be its lower material input
requirements as compared with aCGH, a feature very useful
considering the mostly archival nature of our cases. In the
current study, the results obtained by low pass genomic se-
quencing correlated well with aCGH. Furthermore, low pass
genomic sequencing appeared to be more utilizable as 4/8
cases were successfully analyzed as compared with 2/8 cases
analyzable by aCGH. Mostly multiple chromosomal losses
and gains were detected, among which losses of chromosomes
21 and 22 and gains of chromosomes 8, 9, 12, 13, and 20 were
recorded recurrently. None of the analyzable case revealed any
molecular abnormality detectable by NGS (including FGFR3
and HRAS activating mutations). However, as FGFR3 and
HRASmutations occur only in subset of spermatocytic tumors
[26], they rather represent random mutational events in sper-
matogonia than a fundamental pathogenetic process. Thus,
their absence does not exclude diagnosis of spermatocytic
tumor.

Despite the lack of a perfect molecular overlap, our results
further support a potential relationship between the germ cell
component ofMGSCT and spermatocytic tumor, as suggested
previously [1, 20]. The germ cells in both MGSCT and
spermatocytic tumor are likely of premeiotic origin, as sug-
gested by Roth et al. [20]. However, the abovementioned
slight histological, ultrastructural, and molecular differences
indicate that the cells in spermatocytic tumor are probably
more differentiated toward primary spermatocytes, in contrast
to immature spermatogonia in MGSCT.

It is worth mentioning that we repeatedly attempted micro-
dissection which would enable the separate analysis of the
germ cell and sex cord stromal component. We failed to ac-
curately isolate germ cells from the material. As the germ cells
in this particular tumor occur either as single cells or in a form
of small irregular clusters, there were always present contam-
inating fragments of the adjacent sex cord stromal component.
Ultimately, this method proved unfeasible, and both compo-
nents had to be analyzed together. Thus, we cannot

confidently determine which of the two, or whether both com-
ponents, is/are aneuploid. However, since other testicular
germ cell tumors usually feature chromosomal numerical ab-
errations [17, 29] whereas sex cord stromal tumors more fre-
quently show various gene mutations [17, 30, 31], we would
argue that the chromosomal aneuploidies of the current 4
cases more likely stemmed from the germ cell component.

The main differential diagnosis of MGSCT is
gonadoblastoma, a tumor similarly containing both germ cell
and sex cord stromal elements [32]. Gonadoblastoma typical-
ly occurs in patients with 46XY disorders with dysgenetic
gonads, while MGSCT occurs in karyotypically normal men
with a normal gonadal development. Furthermore, MGSCT
lacks abundant mulberry-like calcifications and Leydig-like or
lutein-like cells typical of gonadoblastoma [33]. Germ cell
component of gonadoblastoma is similar to seminoma both
morphologically and immunohistochemically and, when in-
vasive, also genetically.

In summary, identification of extratesticular invasion of
both components of MGSCT and the presence of atypical
mitoses in the germ cells serve as a strong argument for the
neoplastic nature of the germ cell component. In addition, the
comprehensive chromosomal aneuploidy study revealed
losses of chromosomes 21 and 22 and gains of 8, 9, 12, 13,
and 20 in 4 cases. Although the studied sample was relatively
small, it provided the first and unequivocal evidence that chro-
mosomal abnormalities do occur in testicular MGSCT and
further suggest relatedness to spermatocytic tumor.
Therefore, we argue that although rare, true MGSCT of the
testis do exist and should be accepted as a distinct entity.
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Table 3 Molecular genetic features

Case Low pass genome sequencing aCGH FGFR3 and HRAS mutations (NGS)

1 NA NA NA

2 NA NA NA

3 Loss 21 NA Negative

4 Loss 21, 22 Gain 22q11.1 - q11.22
Loss 21, 22q11.23–q13.33

Negative

5 Gain 5, 8, 9, 12, 13, 20
Loss 22, Xq21.1, Y

Gain 8, 9, 12, 13, 20
Loss 22

NA

6 Gain 3, 6, 8, 2x(+9), 11, 2x(+12), 13, 14, 18, 19, 20 NP (no material) NP (no material)

7 NA NA NA

8 NA NA Negative

aCGH array comparative genomic hybridization, NA not available, NP not performed
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